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APILICAIICIJ  OP  OCDiTlOH  HEDOCHOH  POTEHTIAL  TO  IBSHEHTATICK 


PART  I 

/following  is  a  translation  of  an  article  by  Motoyoahi 
Bongo,  Department  of  Agricultural  Chemistry,  Faculty  of 
Agriculture,  Kyuabu  University,  in  the  Japanese- language 
periodical  Klhan  negro  kerskkal -aM  (Journal  of  the  Agri¬ 
cultural  Chaaioal  Society  of  Japan),  Vol  32,  1958,  pages 
Al 01-105  (Part  i)  and  AH >117  (Part  II)./ 

The  development  of  the  theory  of  oxidation  reduction  potential, 
hereafter  abbreviated  ®P  or  siqply  rafazred  to  aa  potential,  la  nainly 
due  to  Clark' a  work  during  the  yeara  1920  to  1928.  Since  then,  (X?  haa 
been  adopted  in  bacterial  research  with  con aider able  pro  end  oon  argu¬ 
ments,  but  despite  ell  of  this  argument,  there  bee  developed  some  di¬ 
rection  in  this  field  of  research  during  the  ye  era.  in  fermentation 
ohemistry,  despite  the  feet  that  oxidation  reduction  react! one  ere  vi¬ 
tally  leper  tent  to  fermentation  metabolism,  techniques  as  well  me  ree- 
eoning  involving  (2?  have  not  been  too  popular,  due  to  the  feet  that 
OrtP  aeagurtment  la  difficult  and  also  due  to  the  fact  that  the  analytia 
of  Off  data  ia  equally  or  even  acre  difficult.  Aa  a  reault,  the  present 
paper  usee  considerable  apaoe  introducing  the  nethoda  of  uaing  GRP,  and 
at  the  sana  tine,  tinoe  «ich  speculation  will  be  related  to  proven  faote 
in  the  diecuesion,  the  author  welcomes  any  fora  of  art  tic  lam  from  the 
readers. 

1  •  The  Mtenlng  of  (HP  end  It#  Pee 

As  it  is  said  that  oxidation  reduction  reactions  are  free  sot 
wherever  life  exists,  oxidation  reduction  eyatana,  hereafter  abbrevi¬ 
ated  radar  systems,  play  a  vital  role  in  living  organism*.  One  system 
c  an  bu  reduced  by  receiving  an  electron  (hydrogen  in  living  organisms) 
from  a  different  strongly  oxidising  system.  m  this  transfer  of  hydro¬ 
gen  from  one  aye toe  to  another,  energy  release  ia  involved.  In  suoh  re¬ 
actions,  cos  must  hew  eons  measure  of  the  redudhlllty  or  cod  disability 
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of  *l  system,  and  for  this  purpose  CBP  is  used,  the  units  in  use  being 
Eh  or  rH.  This  is  one  u*y  of  using  CEP* 

When  platinum  is  inmersed  in  &  reversible  redox  system,  some  no- 
leoular  hydrogen  attaches  itself  to  the  surface  of  the  metal  as  atonic 
hydrogen*  This  atomic  hydrogen  goes  into  solution  as  an  ion,  leasing 
the  platinum  negatively  charged,  and  aa  &  result  &  state  of  equilibrium 
results  among  molecular  hydrogen  pressure,  hydrogen  ion  concentration, 
equilibrium  of  the  redox  system,  and  the  potential  of  the  platinum 
electrode*  If  the  hydrogen  pressure  which  is  in  equilibrium  with  the 
rad  ox  17s  ten.  is  high,  the  abundance  of  hydrogen  means  that  the  system 
is  strongly  reducing.  At  the  same  time,  since  there  will  be  more  hydro¬ 
gen  ions  detaching  themselves  from  the  platinum  surface,  the  metal  will 
become  more  negatively  charged*  How  the  Eh  mentioned  in  the  last  para¬ 
graph  is  the  potential  of  the  platinum  measured  with  respect  to  a  stand¬ 
ard  hydrogen  electrode.  Qc#  can  also  define  rH  as  log(lyfe),  that  is 
the  logarithm  of  the  inverse  of  the  equlUbrium  hydrogen  pressure  which 
can  be  calculated  .from  £h  according  to  the  formulae 

Eh=  f2.3RT/F)log(ff7v'1E) 
log  (1 /Si)  *  2/(jh/2.3lT/F)  + 


where  F  t 
R  ' 
I  « 
H  1 

B2> 


Faraday  oautut, 
gw  oanafant, 

•two lot.  taaperetara, 

hydrogen  ioa  oanoentration,  wad 

molecular  hydrogen  pressure  in  atmosphere*. 


Th*  aathod  of  representation  la  atnilar  to  that  for  pEtlogCI/tt*")). 
tilth  these  definition*,  a  strongly  rsduoing  ayatan  with  high  equilibrium 
hydrogen  praaaore  haa  a  small  rH  value,  while  a  atrocgly  oxidising  eya- 
tam  bw  a  large  rH  rain*.  rH  equals  aero  corresponds  to  a  hydrogen 
pressure  of  one  atmosphere,  while  an  oxygen  praaaore  of  one  atmosphere 
corresponds  to  a  rH  value  at  about  41.  In  thi  s  mannar,  various  redox 
ayatam*  ean  ba  arranged  In  tha  order  of  their  relative  redudbllity  or 
caddis  ability.  for  lMtaaoa,  a  suoalnlo  eoid/fuaerlo  aold  ayatam,  tfcich 
la  in  equlUbrium  with  •  hydrogen  pressure  of  1/10'4  ataoapharw,  haa  a 
rfl  value  of  14.  Hydrogen  la  only  transferred  from  ayatam*  with  lower 
rfl  values  to  ayatema  with  higher  rH  values.  For  Instance,  an  ethanol/ 
acetaldehyde  ayatam  (rH  7.5)  can  ba  reduced  by  a  trioaephoephat#  oxi¬ 
dising  systaa  (rH  0.8)  via  on  (rH  3.4) ,  but  It  oannot  ba  reduced  by  a 
suoolclo  sold  system  (rfl  I4).  m  fermentation  metabolism  therefore,  If 
at  flrat  glaaoa  ooajugeta  hydrogen  donor  and  raelplemt  ay*t—  apparently 
coexist,  and  if  tha  rH  value  of  tha  hydrogen  donor  ayatam  1*  higher  than 
the  rH  value  of  tha  raoipdant  ayatam,  than  obviously  a  redox  reaction, 
that  la  far mentation,  oannot  oocur  and  oaa  muat  rooonaldar  tha  tTP*  of 
ohaaloal  reaotlan  Involved.  Th*  redox  ayatema  In  biolagloal  apanlwu 
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have  rH  values  between  0  and  25,  an  exception  to  the  case  being  adrena¬ 
lin  which  has  a  rH  value  of  30.7  (pH  0-2),  and  eJ,  =  330  mV  (pH  7.0). 

It  should  be  noted  that  rH  expresses  Intensity  and  not  capacity,  that 
la,  it  is  similar  to  quantities  such  as  temperature  and  pH.  It  should 
be  remembered  that  the  system  inside  an  organism  cen  often  have  a  poten¬ 
tial  despite  tbs  fact  that  the  capacity  may  be  small  in  many  oaasa. 

Actual  rH  values  for  individual  systems  vary  slightly  from  the 
characteristic  standard  potentials  (tHq  or  Eo)  of  the  systems  by  an 
amount  depending  on  the  ratio  of  the  concentrations  of  the  oxidised  form 
and  the  reduced  form.  As  can  be  seen  from  the  following  equation,  rH0 
is  defined  by  putting  Reduced  foi^//wddiaed  fora^  =  1  and  the  value 
of  rH  varies  by  two  units  for  a  single  hydrogen  atom  transfer  and  by 
only  one  unit  for  a  two-hydrogen  atom  transfer. 

rH  =  rH0  -  (2/n)  log(/reduoed  foru7//oxidised  fan^) 
where  n  is  the  number  of  hydrogen  stems  trensferrsd. 

Similarly  one  has 

6H  =  eH0  -  (2.3  RT/ny)  log  (Reduced  fco^/^oxidised  forn^) 

in  the  oxidation  reduotlon  reaction  between  two  systems,  it  is  possible 
for  one  system  to  have  a  higher  rHo  value  but  a  lower  rH  value  than  the 
other  system  when  the  rHo  values  of  the  two  systems  ere  nearly  alike, 
end  in  such  cases,  it  is  possible  for  hydrogen  transfer  from  the  higher 
rH0  system  to  the  lower  rHo  system.  Under  similar  ciroumstanoee,  it  Is 
also  possible  fair  two  systems  to  have  different  rHp  values  but  the  same 
rH  value  and  to  thus  be  In  equilibrium.  In  using  the  above  fonmilae, 
if  either  the  oxidised  or  the  reduoed  form  molecule  is  dissociated,  its 
effect  auat  be  taken  into  consideration,  f  either  the  diaeoelation 
constant  is  vary  small  or  the  dissociations  of  the  oxidised  and  reduced 
fora  molecules  are  about  ths  same,  the  above  equations  are  valid  in 
their  given  fora.  On  the  other  hand,  however,  if  upon  dissociation  the 
oxidised  form  has  a  unit  positive  or  negative  charge  more  than  the  re¬ 
duced  team,  then  there  will  be  e  unit  ohaage  in  rH  (ohaage  of  two  units 
for  a  *  1 )  for  e  unit  ohaage  in  {fl.  Oinoe  the  term  representing  ths  ef¬ 
fect  of  dissociation  far  different  values  of  pH  la  e  constant  for  e  par¬ 
ticular  system,  it  oar  be  lumped  in  the  value  rE0  or  1Q  end  these  new 
values  ere  indicated  by  r'H  and  Sq.  If  the  degree  of  dissociation  is 
known,  then  by  measuring  ths  value  r'H  for  a  particular  pH,  the  r'H  for 
any  pH  one  easily  be  derived.  Conversely,  the  dissociation  constant 
can  be  determined  by  knowing  the  (HP  for  various  values  of  pH.  This 
oonstltutea  another  well  known  use  of  the  CAP.  Another  application  of 
the  QRP  la  described  in  section  3. 
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2.  Mithod  of  Measurement 


There  ere  a  number  of  methods  for  measuring  the  CEP  of  a  redo? 
system,  such  as  th«  method  of  calculating  the  standard  potential  from 
theraodynami eal  values,  or  the  method  using  redox  reagents,  but  most  of 
these  methods  have  various  undesirable  features,  and  therefore  the 
electrode  method  of  measurement  is  normally  used.  This  method  consists 
basically  of  measuring  vita  a  potentiometer  the  difference  in  potential 
of  a  half  cell  with  a  platinum  electrode  imnersed  in  the  object  solu¬ 
tion  and  a  standard  half  oell.  The  standard  voltaic  cell  is  one  with 
a  mercury  sleotrods  with  reepeot  to  which  the  potential  of  a  hydrogen 
electrode  is  known.  With  regard  to  the  electrode  tank  to  be  inner sed 
in  the  object  solution.  If  the  system  reeote  rapidly  with  the  eleotrode 
but  slowly  with  oxygen,  it  le  not  necessary  to  exclude  oxygen,  bat  if 
the  situation  is  otherwise,  then  some  means  sust  be  taken  to  exclude 
csrygen  from  the  vicinity  of  the  electrode.  For  Instance,  a  Thumb erg- 
Borsook  vacuum  tube  is  some  tines  used,  but  more  commonly  a  Mlchaelis 
tank  is  employed.  The  latter  is  a  long-necked  bottle  with  a  wide 
ground  mouth  with  a  rubber  stopper  through  which  pass  the  electrode, 
a  Kd  agar-agar  bridge,  titretor  tube,  -glass  electrode,  air  tube,  etc. 
Normally  pure  nitrogen  gee  is  bubbled  through  the  solution  to  replaoe 
the  oxygen,  and  measurements  are  Bade  while  the  nitrogen  is  being  forced 
through,  m  the  oase  of  flavin  and  the  yellow  enaymes  which  normally 
cadet  as  oxidation  types,  they  eeaaot  be  detected  by  the  normal  method 
of  naeeureeent.  in  such  oases,  a  suitable  reducing  agent  ie  added,  the 
potential  drop  le  measured  with  the  system  evacuated,  and  (BP  must  be 
estimated  from  the  nature  of  the  potential-time  cmrvoi  or  one  can  aerate 
with  nitrogen,  titrate  a  reduolng  agent  (or  first  reduce  completely  and 
titrate  an  ad di sing  agent),  measure  the  potential  corresponding  to  a 
certain  reduction  rate,  and  than  estimate  CRF  from  the  potanti&l-reduo- 
tlon  rate  curve.  If  such  methods  are  used,  one  obtain e  in  addition  to 
the  standard  potential  of  the  aystam,  various  characteristics  at  the  CBLP. 
Among  redox  systems,  there  are  soma,  such  as  the  baas  of  dehydrogenates, 
whlah  do  not  reset  directly  with  the  eleotrode,  and  in  such  cases,  the 
measurements  art  made  with  the  addition  of  a  slight  amount  of  redox  dye 
whlah  bee  a  potential  near  the  standard  potential,  in  this  oase,  the 
dye  adopts  the  CEP  of  the  object  system,  and  the  potential  at  the  eleo¬ 
trode  will  give  the  GBP  of  the  dye. 

With  bear  (1),  rice  vine  (2),  grape  wine  (3)  (4),  and  other  fer¬ 
mented  eolations  (2)  (5) (6),  the  measurement  is  usually  made  in  a  NLobae- 
lis  tank  with  nitrogen  aeration,  and  the  experimenter  adopts  the  final 
stable  potential  following  an  initial  sharp  drop  in  lh  and  aoae  fluctu¬ 
ation.  With  fermented  liquor  if  the  activity  of  the  baoterla  happens 
to  be  weak,  than  one  moat  oouddar  special  measures  when  taking  e  sam¬ 
ple  to  make  sure  that  the  redox  condition  of  the  sample  la  not  changed 
by  o casing  into  ooatnot  with  air. 
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Hie  culture  potential  of  bacteria  is  generally  measured  by  means 
of  immersing  a  platinum  electrode  in  the  culture  solution.  Many  improve¬ 
ments  are  also  being  attested  with  reepeot  to  contact  with  the  potassium 
chloride  agar  bridge  (7),  the  aerator  (7),  simultaneous  recording  of  pB 
end  dissolved  oxygen  (8) ,  and  on  other  aspects  (9)  (10)  of  the  method  of 
measurement. 

3.  Growth  and  CRP 

The  study  of  CEP  in  the  field  of  bacteriology  originally  consisted 
of  measuring  the  potential  of  tha  bacterial  culture  environment,  that  is, 
one  was  interested  in  the  effect  of  QRP  as  an  environmental  factor  on 
bacterial  growth,  and  also  in  the  variation  in  the  CRP  of  the  culture 
resulting  from  metabolism. 

1.  Tf<  ih  t.i  nfr  Potential  for  Baoterial  Growth 

It  le  quite  natural  that  the  study  of  the  limiting  potential  for 
baoterial  growth  had  for  its  first  subjeot  anaerobic  baoterla  aince  as 
early  as  1929  it  was  generally  concluded  anaerobic  microorganisms  re¬ 
quired  for  their  growth  a  strongly  reducing  environmental  condition, 
and  CRP  was  employed  to  indicate  the  reducing  character  of  the  culture 
or  environment.  Now  the  (HP  of  a  culture  is  determined  by  the  oxygen 
pressure  and  the  redox  system  in  the  culture.  The  experiment  is  gen¬ 
erally  performed  with  aeration  with  a  mixture  of  nitrogen  and  oxygen, 
or  also  with  tha  addition  of  a  particular  redox  system  or  systems.  The 
results  obtained  have  been  that  with  eight  cultures  of  spore- forming 
bacteria,  growth  would  ha  inhibited  by  rB  larger  than  12  (Kb  -60  mV, 
pH  7. Oh  for  Clostridium  tetanl  tha  navi  row  CRP  far  growth  being  rH  15 
(Kh  +36  mV,  pH  7.0)  or  rH  17  (lb  ♦HO  mV,  {0  7.2) |  for  Cl.  anorogeaee, 
rH  U|  for  tha  Buthanobaotarluu  oloetrldium,  +300  mV  (pB  6.8)  with 
nitrogen- oxygen  aeration  and  +339  »V  (pH  6.8)  with  tha  addition  of 
potassium  ferrleyaalde;  far  Cl.  Velohii,  +123  mV  (pB  7.2)}  far  Bsoaraidaa 
vulgatua,  +1$0  mV  (pH  6.6)  (9)3  for  Cl.  aaoohsrobutjriaum,  +116  XT  (pH 
6.8)  (11);  end  for  Cl.  perfringens,  +230  mV  (12).  These  results  show 
that  there  oust  be  some  low  dip  before  enasrobio  bacteria  will  grow. 

On  the  other  hand,  asrobio  baoterla  can  grow  even  if  tha  GRP  is  high, 
and  it  has  been  pointed  cut  (13)  that  iep.  niger  and  other  bacteria 
oftsa  grew  better  tha  higher  tha  CRP.  Bcoaptloaa  to  this  oaaa  of 
oouree  are  aerobic  baoterla  such  aa  Siplooooous  pneumoniae,  some  Ihbo- 
lytle  Dlploooool,  Rhiaott.ua,  Baoillne  megathrerlum,  etc.,  which  require 
a  lowering  ctf  the  CRP  for  growth  to  start.  That  is,  in  these  oases  if 
the  CRP  is  amiatmiaed  higher  than  e  certain  level  after  iaocmlatioa  of 
the  culture,  by  mesas  of  ocxidising  the  culture  or  by  means  of  addition 
of  a  redox  syatem  or  syateae,  then  so  long  aa  the  bacteria  is  lnoapable 
of  reducing  tha  system  and  Lowering  tha  QRP,  growth  will  be  inhibited 
despite  tha  abundance  of  aqrgsa.  It  is  interesting  to  know  that  a  purely 
physical  quantity  such  aa  CRP  la  clocely  related  to  tha  phenomenon  of 
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biologioal  growth,  but  we  are  still  left  with  ths  problem  of  truly  un¬ 
derstanding  this  relation,  la  a  start  we  oan  probably  stipulate  that 
the  redox  system  generates  some  electromotive  force  vhiah  oan  be  ob¬ 
served  as  a  potential  at  the  electrode,  and  that  the  OR?  aaasurad  is  sn 
Indicator  of  tbs  addition-reduction  state  in  -fee  culture,  la  one  as¬ 
pect  of  the  problem,  the  metabolism  of  a  bacterial  system  depends  on 
the  emsymea  associated  vith  the  system,  and  it  is  known  that  while 
aerohio  bacteria  oan  work  on  r^dox  systems  with  high  standard  potentials, 
anaerobic  bacteria  oan  work  only  on  redox  systems  vith  low  potentials, 
llso  aerobic  bacteria  at  the  same  tins  must  first  work  on  low  level  oxi¬ 
dised  forma.  Id  order  to  work  on  systems  with  low  potentials,  the  po¬ 
tential  of  the  environment  muet  be  brought  down  to  below  soae  level. 

For  instance,  the  reaction  wbioh  ^rntheaisee  alanine  from  pyruvic  acid 
and  amentia  in  tha  presence  of  glucose  operates  only  when  rH  is  less 
than  20,  and  it  is  as  stalled  that  at  higher  potentials,  the  glucose  is 
oxidised  by  oxygen  and  there  is  no  hydrogen  available  for  the  synthesis 
of  alanine.  Also  under  high  GRP  conditions,  the  SB  radical  cannot  re¬ 
main  in  ita  reduced  form  end  therefore  the  various  activated  ensymea 
oansot  function  (14).  Examples  suoh  as  this  reveal  the  significance  of 
the  limiting  potential.  It  should  also  be  mentioned  that  the  potential 
of  the  environment  poses  a  necessary  hot  not  neoeasarlly  a  sufficient 
condition  for  the  functioning  of  the  various  bdochssdcel  reactions  in¬ 
volved  is  tbs  growth  process. 

B.  Culture  Potential 

With  both  aerobic  end  anaerobic  baoterla,  a  reduction  jrooeas  oo- 
oure  In  tha  culture  before  tha  start  at  any  growth.  That  is,  tha  CRP 
drops  end  it  reaches  e  mini  mum  either  at  the  beginning  or  half  way 
through  the  period  of  martin  growth,  after  which  the  potential  may 
either  rise  or  resnin  near  the  minimi  level,  with  baoterla  such  ta 
Dlplooooaua  pneumonias,  bamolytlo  Uplooocci,  or  Lactobacillus  oasal 
(15)  which  produce  end  aeeuaulate  hydrooddea,  the  potential  progres¬ 
sively  rleee.  Oanarally  speaking*  tha  adnlmaa  potential  of  eeroble 
bacteria  la  higher  then  that  of  anaerohdo  baoterla.  is  Table  1  ere 
given  tha  pot  anti  ala  observed  with  the  cultures  of  various  fermentation 
ai oroarf aaiaas .  It  la  seen  that  the  ORP  le  an  aid  to  oleaslfieetlen 
la  the  oeaa  of  Leotobeollli  and  Aerobaoter.  in  the  oeee  at  Cl.  butyrl- 
oum,  it  hea  been  reported  (10)  that  e  particular  strain  vhiah  operates 
fester  than  others  can  be  differentiated  by  the  fact  that  ita  CRP  has 
a  alow  decline  end  a  rapid  rlaa.  Little  le  known  of  what  electrono- 
tivaly  aotlve  redox  system  is  respondhls  for  the  culture  potential  ob¬ 
servable  at  the  electrode.  In  any  avast,  it  can  be  assumed  that  the 
slectraaotlve  redox  eye  tea  reflects  the  oenhined  effect  of  the  redox 
eye  teen  involved  In  the  aetebollea  of  n  partlouler  bacterial  a  train 
and  the  concentrations  of  these  eystene.  In  other  rada,  the  eulture 
potential  la  a  function  of  eons  group  of  redos  eywtana  and  their  leter- 
notloa.  fur  instanee,  there  la  a  distinct  difference  In  potential 
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botvetsu  the  Acetgbnc Ut  action  which  oxidizes  nettle  naj?]  - rjci  that 
which  oxid.iavd  ethanol,  mid  slattl'n-ly  thtrv  ij  a  diffiriac*.  in  poten¬ 
tial  cvtuoan  the  ricpintion  ;>f  \\iy.  •mi  the  alcohol  rerm  ntalioo  with 
yeast. 

Table  1*  Culture  Potential  ol’  Ferment-ition  Mi  croorg*misat. 
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rend  1 

1 .  Top  yeast 

2.  least 

3.  Beer  yeast,  baker* a  yeast 

4*  Lactobacilli 

5.  Aeration  with  air 

6.  Air  ; 

7.  Aeration 

8.  Oddatiotv  of  acetic  acid. 

Ethanol  -  aoetaldebyde  -  aoetlo  sold 

9.  Anaerobic 
10*  Aerobic. 

11.  Suspension 

12.  Culture  containing  biotin 
13*  Hone 

1 4<  Glucose 

1 5.  Hannitd 

1 6.  Arabinose 

17.  Calciun  glvieonate 

18.  Cane  sugar  (M2  aeration) 

1 9.  Glucose  ( suspension) 

20.  *R  neans  redox  reagent]  E  is  elsotrlcal  asasureosnt)  and  E  +  R  ie 
electrioal  Baasuxeaent  with  redox  reagent  added. 

C.  Aerobic  and  Anaerobic  Baoteria 

The  difference  between  aerobic  and  anaerobic  bacteria  oan  be  acre 
exactly  defined  by  the  Uniting  potential  at  which  the  bacteria  can  ooa- 
nance  growth.  For  instance,  aerobic  bacteria  can  grow  with  the  culture 
GRP  at  the  cornel  level  (higher  then  +200  n7,  anraally  +300  sV,  pH  7.0), 
tdiile  anaerobic  beoteria  will  not  grow  unless  the  0RP  is  below  a  oar tain 
level.  Mor aelly  the  starting  leva!  aust  be  about  ~  -200  ST.  As  an¬ 
other  exaaple,  taaharlohla  ooll  has  standard  potantiala  for  both  a  high 
and  a  low  level  redos  eyetea,  and  aa  a  result,  growth  oan  ooour  at  any 
CUP  level,  and  the  culture  potential  oan  drop  to  nearly  rg  ■  O.  Sines 
anaerobic  baoteria  will  grow  only  while  the  (HP  la  low,  a  favorable  cul¬ 
ture  environment  oan  be  ores  ted  by  lowering  the  GRP  by  the  addition  of 
subs  tea  oe  a  such  aa  liver  extract,  Ba-thioglycolLste  (21),  ga^Ot  (22), 
and  asoorbio  sold  (10)  (-23) .  Or  on  the  other  hand,  one  oan  six  aerobic 
and  anaerobic  baoteria,  in  which  ease  aerobic  growth  will  fir  it  doolnate, 
but  with  the  levering  of  the  oulture  GRP,  the  growth  of  anaerobic  bac¬ 
teria  can  also  occur  as  the  OR?  drops  below  a  certain  level.  Rnp^lee 
of  auch  coabi  nations  are  Cl  oe  trill  ua  butyriaua  and  karaku«»’l«+n  /r.4  rela¬ 
tion  unknown  but  probably  a  oellulaee-produciag  naetwrla -/  (xj) ,  Bao- 
tarddaa  vulgatu a  and  Aieeligenee  feoalia  (9),  and  Laotobaalllna  aad 
Aerobaeter  oloeoeae  (25).  It  ie  reported  that  O.l-O.Sg  of  agar  la  added 
to  aa  aaaeroblo  oulture  nediua  (£4)  aoantlaae  which  apparently  helps 
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keep  the  GRP  low  (27).  As  just  described,  bacteria,  through  their 
metabolism  processes,  act  as  reducing  agents,  and  as  a  result,  when  a 
culture  medium  is  inoculated  with  this  bacteria  there  will  be  stress 
between  the  CRP  of  the  medium  and  the  reducing  action  of  the  bacteria. 
It  has  been  know  for  a  long  time  that  bacterial  growth  improves  with 
the  number  of  bacteria  in  the  culture  medium  and  this  can  be  easily  ex¬ 
plained  by  the  fact  that  the  reducing  aotioa  of  many  baoteria  oan  com¬ 
bine  to  rapidly  lover  the  CRP  in  the  vicinity  of  the  cells,  and  through 
redox  reactions  this  condition  spreads  itself  throughout  the  medium. 
With  few  baoterla,  growth  may  or  may  not  occur  depending  on  whether  the 
metabolism  of  the  few  bacteria  la  adequate  or  not  with  respect  to  low¬ 
ering  the  CRP  of  the  medium.  From  such  a  viewpoint,  the  addition  of 
agar  should  prevent  the  dispersion  of  both  the  baoterla  and  Its  reduc¬ 
ing  action,  and  thus  improve  conditions.  With  a  sufficient  concentra¬ 
tion  of  bacteria,  it  should  be  possible  to  inoculate  a  medium  with  a 
higher  than  limiting  potential,  end  still  have  growth.  For  instance, 
in  the  transplanting  of  Cl.  butyricum  or  related  buthenol-produoing 
baoterla,  tbs  seed  concentration  la  2%  or  more  ao  that  growth  is  possi¬ 
ble  even  in  an  aerobic  condition.  In  contrast  to  this,  a  single  spore 
will  not  grow  readily  unless  the  CRP  of  the  medium  Is  reduced,  and  it 
was  found  that  the  addition  of  a  piece  of  liver  was  quite  effective 
(26). 


It  should  b.  an  iat westing  problem  to  see  vhat,  if  anything, 
would  happen  to  aerobic  or  anaerobic  bacteria  if  the  oulture  condition 
vaa  changed  fro.  aerobic  to  anaerobic  or  oonvereely.  Naturally  the  af¬ 
fect  would  depand  cn  the  typa  of  bacteria  ae  well  aa  tba  degree  of 
aeration.  In  the  oaee  of  Baotarcidee  vulgatua  for  example,  the  CRP  of 
the  n  odium  rleee  canaiderably  a.  the  o^gen- to- nitrogen  ratio  in  aera¬ 
tion  ia  inoreeaed,  but  ao  harm  la  experienced  ao  lcug  aa  tha  growth  is 
-vigorous.  When  tb.  CRP  la  further  Increased  to  -250  mV  (pR  5.6-6. 4), 
however,  both  growth  and  sold  formation  atop,  and  the  culture  losta  its 
activity.  With  Cl.  butyricum,  aeration  oeuaes  a  rapid  rise  in  tb.  OR? 
and  ieu.todiga.tioa  a.ta  in,  but  when  tha  aeration  la  discontinued  after 
about  five  houra,  the  GRP  drop*  again  and  normal  logarithmic  growth  with- 
cut  any  phase  lag  ia  obaarvad  (10).  With  Cl.  aoetobutyllcum  (29),  Cl. 
aaooharobutyricum  (30) ,  or  Cl.  aporogaaaa  (30),  aeration  unless  it  is 
exoasalva  hinders  growth  but  not  fermentation.  tilth  th»  first  of  the 
above  ape  cl  as,  the  flavin  in  tha  fermenting  solution  is  always  lr  its 
reduced  form  irrespective  of  whether  there  is  or  ia  not  aeration,  and 
the  CRP  ia  low.  It  ie  seen  that  there  la  considerable  difference  be¬ 
tween  the  oonoept  of  aerobic  in  the  sense  of  aerating  a  culture  and  the 
concept  of  aerobic  or  anaerobic  from  tha  viewpoint  of  the  CRP.  Ibis 
difference  la  even  more  pronounced  than  in  the  previously  described  oaee 
of  an  ana er ohio  medium  under  aerobic  conditions,  with  the  anaerobic 
Z.  coll,  aeration  will  raise  tha  CRP  to  a  level  higher  than  500  aff,  but 
growth  is  laproved  rather  than  Inhibited  because  of  tba  change  from  fer¬ 
mentation  to  respiration  under  each  conditions  (10).  In  oontrsat,  the 
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aerobic  Bac.  megaterluB  can  be  started  at  +30  nV  (pH  7.0)  and  lifter  about 
six  hours  the  potential  id.ll  have  dropped  by  270  mV  and  growth  will  start. 
If  at  this  tins  nitrogen  is  introduced,  the.  GRP  level  drops  again  slightly 
and  growth  stops  (10).  . 

6  '  (Continued  to  Pert  II) 
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APPLICATION  OF  OUMTIOR  REDUCTION  POTENTIAL  TO  IERKEHTATIGN 

PART  II 

4*  The  Standard  potential  of  Varioua  Redox  Systems 

Considerable  data  are  now  available  with  respect  to  tho  standard 
potential  of  verioua  rad  ox  systems  not  to  mention  the  systems  within  Ur¬ 
ine  organ! ana,  Examples  of  biological  redox  system  are  shown  in  Table 
2*  The  standard  potentials  of  FAD  and  DM  differ  depending  on  Aether 
the  compounds  axe  free  or  bound  to  some  protein*  in  the  caae  of  FAD, 
the  potential  can  also  differ  with  the  protein  combination,  for  instance 
there  le  a  difference  of  400  nV  between  old  yellow  ansyne  and  xanthine 
oxidate,  it  ahould  also  be  noted  that  the  GRP  le  linearly  related  to 
the  free  energy  change  associated  with  redex  reactions,  that  la  -a?  - 
nPE,  and  therefore  e  correspond ecoe  between  this  fret,  energy  end  the 
standard  potential  of  a  redox  system  can  be  established.  Oae  can  there¬ 
fore  estimate  the  energy  release  aoooepanying  the  transfer  of  hydrogen 
from  one  aystam  to  another  by  taking  the  difference  in  values  between 
the  two  systems.  For  instance  in  alcohol  fermentation,  roughly  9,000 
calories  of  free  energy  is  released  per  molecule  of  alcohol,  and  if  this 
ia  reapirated,  about  47,000  calorie  a  la  produced. 

5*  Bjochenioal  Funqtlon  of  MLoroorganlans  and  CRP 

Considering  the  arrangement  of  redox  systems  In  Table  2,  one  can 
as  rone  that  there  will  he  acme  suitable  CEP  range  for  the  proper  func¬ 
tion^  of  a  fl'vea  set  of  redox  reactions  for  a  selected  set  of  redox 
ays  tees.  In  fhot,  it  has  been  shown  that  such  CEP  ranges  exist  for  exam¬ 
ple  for  aerobic  reactions  such  aa  lard  ring  glucose,  yeast  extract,  and 
redox  dye,  or  for  various  other  enayw  reactions.  Other  examples  are 
the  -550  aV  potential  required  for  gas  generation  with  £,  cell  (>6),  the 
rH  22-24  required  for  nitrogen  fixation  with  iaotobacter  agile  (16),  the 
rfi  7-1  required  for  ethanol  oxidation  with  Acetobacter,  and  the  rfl  20-22 
needed  for  the  oxidation  of  eoetic  add  (17)* 

6.  rf  Urn  ifeateaUS.  9L  /WWtiUw 

Wt  would  like  to  eanelder  the  standard  potentials  of  redox  tya- 
t mm  tabulated  In  Table  2  not  only  aa  the  results  of  sane  analysis  but 
as  the  basis  for  obtaining  a  better  over-all  understan  -g  of  apparently 
orderly  bdd^ical  functions*  ftxr  instance  in  a  bacterial  culture,  one 
notes  that  the  tine  variation  of  the  potential  of  the  culture  must  re¬ 
flect  the  dynamical  changes  occurring  in  the  culture,  and  thar afore  if 
one  can  cone  tract  step-by-step  the  redox  processes  presumably  responsi¬ 
ble  for  the  changes  in  culture  potential,  there  is  the  possibility  that 
the  eeobanies  of  the  entire  redox  metabolism  system  cen  somehow  he 
clarified*  Although  the  exact  nature  of  the  culture  potential  le  not 
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L>g«Pd  to  T»bl«  a,  pag»  13s 
1  •  rfl  =  41  for  02  1  &ta:  pressure 

2.  (v-260  mV)  (aH  4. 0-7.0);  for  pH  6.86,  dE^/dpH  =  -60  mV  (31);  r'H  = 
19(p0  5),  24(pa  8),  thereafter  dr'H/iia  =  0 

3.  r'H  =  l6(pH  5),  19(pE  7),  and  In  between  dr'H/dpH  =  2 

4*  (+51  oV)  (pH  7.2,  30°  C),  diydpB  varies  from  60  mV  to  30  mV  at 
pH  4  and  remains  constant  to  pH  8.6;  dr'H/dpH  -  0  with  r'H  =  13  up 
to  pE  4,  dr'E/'drfl  =  1  in  range  pfi  4-8*6,  bat  0  again  for  higher  pH 
■with  r'H  =  8.8 
5-  range 

6.  (-220  aflT)  (pH  7.0,  30°),  r'H  a  6.4(pH  1-6.5),  9.  3(pH.  9.5-13.0)  j 
dr:H/dpH  =  1 (pH  6.5-9. 5) 

7.  H2  hcmm  potential 

yet  ole&r,  it  at  least  can  be.  assumed  that  this  potential  is  due  to 
some  electromotive  redox  system  connect  'd  with  the  microorganism,  and 
that  this  particular  redox  system  is  capable  a?  moving  in  and  out  of 
cells  such  that  this  system  reflects  the  ORP  inside  cf  a  cell.  How 
the  potential  .Inside  a  cell  depends  on  the  various  redox  systems  exist¬ 
ing  in  the  cell.  For  instance  assume  that  there  are  two  redox  systems 
in  the  cell,  one  with  a  high  standard  potential  and  the  other  with  a 
low  potantlal,  and  also  assume  that  oxidation  reduction  occurs  through 
the  electromotive  redox  system.  Then  if  the  reduction  by  the  low  po¬ 
tential  system  and  the  oxidation  by  the  hi^i  potential  happen  to  equal 
eaoh  other,  the  ratio  of  the  oxidised  fora  to  the  reduced  form  in  the 
electromotive  redox  system  will  remain  constant,  and,  the  measured  CRP 
will  remain  at  soma  level  within  the  potential  range  far  this  system. 

On  the  other  bend,  if  either  the  high  or  the. low  potential  redox  sys¬ 
tem  in  the  cell  tends  to  dominate  over  the  other  system,  then  there 
should  be  a  corresponding  rise  or  decrease  In  the  CRP.  Here  the  con¬ 
centration  of  the  elsotromotive  system  should  be  low  for  better  sensi¬ 
tivity,  alnoe  the  shift  In  potential  would  he  email  for  high  concentra¬ 
tion.  The  Initial  drop  la.  culture  potential  normally  axparienoed  stays 
within  the  limits  of  the  potential  range  for  the  elsotromotive  system, 
the  level  differing  with  the  relative  Intensities  of  ths  high  and  low 
systems  In  the  oell.  Sven  If  the  high  end  low  potential  systems  undergo 
oxidation  reduetlpn  reeotlons  through  a  soa-eleoyoaotlve  redox  system 
but  say  that  an  electromotive  redox  system  existed  separately,  then  so 
long  as  the  potential  ranges  are  not  dissimilar,  the  atsta  of  the  former 
will  be  reflected  in  that  of  the  latter  almost  Instantaneously,  and  the 
apparent  result, will  be  the  same.  Typical  examples  of  tbs  above  situ¬ 
ation  arf  seen  in  alcohol  fermentation  and  in  hcmolactic  acid  fermenta¬ 
tion.  Whan  not  Just  two  but  also  other  redox '  ays  tests  work  an  ths  els>- 
troatotivs  system  it  Is  assumed  that  the  measured  potential  reflects  s 
compounded  affaot.  Therafora  la  systsea  which  ara  not  as  oomplioatad 
as  whan  respiration  is  00  cur  ring  or  Wiioh  are  cn  the  other  band  not  as 
simple  aa  In  aloohol  fermentation,  one  oen  often  dedans  free  the  potMr- 
tlel  curve  what  red  ax  systems  tend  to  be  mars  deed  neat  In  thalr  affaot 
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at  whet  times.  This  Is  oat  vey  of  using  CRP*  An  application  of  this 
method  to  buthanol  fermentation  wa a  already  reported  in  this  journal 
(5)>  and  although  details  will  not  be  repeated  here,  let  us  suffice  it 
to  say  that  aeration  with  nitrogen  during  the  QRP  measurement  was  neces¬ 
sary  aincs  otherwise  the  generation  of  hydrogen  gas  would  have  dropped 
the  culture  potential  down  to  and  held  It  doun  at  -420  nV  (pH  7.0). 

Also  with  alcohol  fermentation,  the  process  becomes  complicated  when 
rice  malt  is  used  on  a  staroh  substrate  instead  of  on  sugar.  A  report 
on  this  subject  maybe  found  in  last  Tgar'a  issue  of  this  journal  (2). 

In  a  rapid  yeast  vccrt  making  process  /Process  peculiar  to  Japsnsae  rice 
vine  making.  Header  should  consult  reference  on  Japanese  braving  prac¬ 
tice^,  the  potential  rieea  and  stays  at  the  level  rH  19-21  up  to  the 
rtage  In  the  process  where  sacoarlf lost ion  end  lactic  add  formation  are 
moat  active,  but  it  then  declines  with  the  addition  of  yeast  end  as  fer¬ 
mentation  becomes  active,  it  should  be  noted  here  that  since  yeast  has 
e  redox  system  with  a  high  st&ndard  potential  and  also  since  there  is 
a  higfr  potential  redox  system  contained  in  the  rice  mold  amylase,  the 
culture  potential  does  not  immediately  drop.  About  a  day  after  the  batch 
has  neared  the  end  of  its  fermentation  and  has  been  cooled,  the  potential 
reaches  a  minimum  of  rR  11,  but  it  slowly  rises  again  during  its  period 
of  storage.  Similarly  with  the  mash,  after  the  third  and  final  addition 
of  ingredients,  eaocharlfl cation  is  fairly  active  for  two  or  three  days 
during  which  time  the  potential  rises  to  about  rH  13,  but  with  fermenta¬ 
tion  taking  over,  the  potential  drupe  and  reaches  a  mini  mum  of  rH  7  after 
the  froth  baa  subaid  ad.  However,  with  tha  fermentation  nearing  maturity, 
the  potential  slowly  rises  again,  it  rise*  sharply  with  the  addition  of 
alcohol,  and  later  it  also  rises  upon  oontsot  with  the  sir  at  the  top 
of  the  tank.  Slow  oxidation  reduction  reactions  among  the  various  sys¬ 
tem a  tend  to  lower  tha  potential,  but  filtration  and  removal  of  bottom 
sediment  which  allows  air  contact  causes  the  potential  to  rise  again. 

As  just  described,  the  progress  of  this  parallel  double  fermentation 
process  ia  dearly  reflected  In  the  variation  of  the  (KJP.  Data  are 
also  available  showing  the  difference  in  potential  variation  between 
suooeesful  and  unsuooeaaful  yeast  wort  cultures,  but  the  details  will 
not  be  liven  here  for  lack  of  spaoe.  On  the  subject  of  buthanol  fermen¬ 
tation,  there  is  also  a  study  which  attempts  to  relate  the  number  of 
transplants  cf  a  culture  to  en  increese  in  the  rate  of  fermentation,  by 
comparing  the  CUP  values  of  such  cultures,  tnd  the  reader  is  referred 
to  the  original  article  (6)  for  details. 

7.  Study  of  the  Movement  of  Kicroorfsniem  Colonies 

Vfcen  there  ie  a  mixed  culture  consisting  of  various  different 
types  of  bacteria  or  molds,  it  seems  that  ths  culture  potential  night 
be  useful  In  determining  which  bacteria  or  mold  might  be  dominant  at 
say  particular  time.  A  good  example  of  such  a  nixed  culture  is  that 
o anal etlng  of  rice  sold  and  yeast  In  ths  brewing  of  Japanese  rloe  vine, 
here  so  far  as  the  rice  mold  is  oonoeraed,  the  amylase  preduoed  by  the 
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mold  is  the  active  component.  There  is  an  experimental  report  giving 
culture  potentials  measured  during  the  making  of  yeast  wort  by  the 
man  pad  ^Translator’s  notes  Abbreviation  of  yamaoroahi  haiahl  or  a 
eUSpEfiod  yeast  culture-making  prooeea  where  the  yamaoroahi  or  grind- 
iig  step  is  oBltted^J  process  (2)«  According  to  this  report,  the 
growth  of  Lactobacilli  and  nitrate-reducing  bacteria  oauaea  the  poten¬ 
tial  to  drop.  Th»  action  of  thaae  bacteria  weakens  aa  saccharifica¬ 
tion  progresses  and  the  potwatial  rises  to  a  maxi  mum,  but  it  dr  ope 
again  aa  f  eroantati  cn  takes  over. 

3.  The  Tranaf ormatiou  of  Fermentation  by  the  Addition  of  Redox  Dyes 

Redox  dyes  are  used  not  only  for  dying  specimens  and  as  an  GRP 
reagent,  but  they  ere  also  u*ed  quite  often  in  the  study  of  various  de¬ 
hydrogenases  and  in  the  study  of  so-called  methylene  blue  respiration 
(increase  in  oxygen  consumption) .  Examples  are  the  increase  in  oxygen 
consumption  due  to  flavin  In  Lactobacilli  metabolism |  a  similar  type  of 
increase  In  oxygen  consumption  due  to  a  redox  dye  in  a  system  of  baker's 
yeast;  or  In  the  ease  of  yeast  extract  solution,  the  inhibition  of  fer*- 
mentation  due  to  a  redox  dye  with  e  relatively  high  standard  potential; 
or  the  promotion  of  aaroblc. decomposition  of  sugar  by  a  redox  dye  with 
a  fixed  standard  potential;  or  with  Asotobaotsr,  the  inhibition  of  res¬ 
piration  by  a  redox  dye  (37)"  There  have  also  been  attempts  to  use 
redox  dyes  for  the  classification  of  bacteria  such  as  for  example  the 
attempt  to  isolate  different  species  of  Rhiaobium  by  the  reducing  action 
on  dyes  with  different  standard  potentials  (38).  It  has  also  been  shown 
that  lipid  formation  by  yeast  ii  allied  by  the  addition  of  quinooe  de¬ 
rivatives  (39).  Mentioning  other  phenomena  which  are  somewhat  related 
to  fermentation,  cno  baa  the  fact  that  the  absorption  and  release  of  U* 
and  K*  In  yeast  is  affeoted  by  a  dye  (40),  and  also  the  fact  that  add 
formation  in  a  culture  inoculated  with  I.  coll  ia  Inhibited  by  the  addi¬ 
tion  of  a  dye  with  a  high  standard  potential  (41).  Also  in  a  culture 
of  Acetobaoter  velanoganum,  the  oxidation  of  sorbitol  to  sorbose  is  pro¬ 
moted  in  the  deep  aa  veil  as  the  shallow  parts  of  the  culture  medium 
with  the  addition  of  methylene  blue  of  suitable  strength  (42).  It  has 
also  been  shown  that  baoterla  belonging  to  the  gemara  Clostridium  or 
Eu  bacterium,  which  are  known  to  produce  acetic  told  and  another  sold  or 
propionic  sold  and  lactic  acid,  can  be  developed  Into  a  stable  nutant 
which  produces  nothing  but  acetic  acid  and  lactic  acid  by  means  of 
transplanting  the  baoterla  20  to  40  times  in  a  culture  aedlum  contain¬ 
ing  a  redox  dye  (43).  There  is  also  a  paper  reporting  that  the  addi¬ 
tion  of  flavin  or  phenoeaf renin  to  the  extract  of  Lactobacillus  del- 
brueckii  will  produce  diemutetion  of  pyruvic  acid,  but  it  does  not  say 
that  this  method  has  been  used  effectively  in  the  actual  fermentation 
process,  from  tbs  standpoint  of  tbs  standard  potentials  of  redox  sys¬ 
tems,  if  we  Qonaidor  fermentation  to  be  the  oxidation  reduction  reac¬ 
tions  involving  more  than  simply  two  redox  systems,  then  taking  two 
systems  which  have  a  potential  difference  and  injecting  e  redox  system, 
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which  standard,  potential  lias  between  the  potentials  of  tbs  two  systems, 
the  oxidation  reduction  .reaction  between  the  two  systeas  should  be  fa¬ 
cilitated.  For  instance  in  buthanrl  fermentation)  the  main  system  re¬ 
sponsible  for  producing  buthanol  has  a  standard  potential  at  about  rH0  = 
4.8  whl  le  the  acetone  producing  system  is  associated  with  the  system  at 
rH0  =  0.  Now  let  us  assume  that  the  introduction  of  a  redox  system,  for 
instance  a  dye,  with  rB  lying  somewhere  between  rfig  =  0.8  (hydrogen 
donor)  and  4.8  would  Increase  the  yield  of  lactic  acid  and  buthanol. 
Actually  this  ie  found  to  be  the  oaae  aa  depicted  in  Table  3,  where  it 
can  b*  •••n  that  'the  act  ton*  forming  process  has  changed  over  Into  the 
buthanol  forming  procas*. 

Table  3.  Change  In  golTent  lUtio  In  Buthanol  Fens antation 
Due  to  Redos  Bye  Addition 


_ _ a® 

Neutral  Red 


Solvent  [% 
yield  to  sugar 
consumed) 

None 

(20)  (44) 

(Eo  =  -325  mV) 

6.0  bM 

Benzyl  Viologen 

(So  =  -359  *7) 
0.4  mM 

Msthyl  Viologen 
(Eo  =  -446  mV) 
1.2  mM 

Ac®  too* 

9.0 

3.8 

1.8 

1.8 

Buthanol 

19.4 

29.0 

29.0 

28.7 

Ethanol 

3.8 

1.5 

3.4 

4.2 

Total  solvent 

32.2 

34.3 

34.2 

34.7 

Remarks:  Hashed  live  bacteria  used.  Glucose  substrate  concentration 
3-4 %t  fomentation  temperature  37°  C,  sugar  consumption  al¬ 
ways  more  than  98]L 

AM  to  how  this  transformation  was  brought  about,  thara  is  no  deoialve 
explanation  at  praaant,  but  ona  Una  of  raaaonlng  could  ba  an  follows i 
Say  that  tha  flavin  which  was  addad  to  the  axtract  of  laotobacillui 
dalbruaokll  le  xeeponelbln  for  tbe  hydrogen  transfer  between  the  IAD 
of  tbe  pyruvic  add  dehydrogenase  and  the  TAD  of  the  lactic  acid  de¬ 
hydrogenase  (45),  and  that  the  hydrogen  transfer  between  the  hydrogen 
donor  system  and  the  buthanol  forming  system  was  aided  by  the  dye  added 
to  the  ay  item  in  e  manner  resembling  that  in  which  hydrogen  ie  consecu¬ 
tively  tranef erred  even  down  to  the  oxygen  level  by  the  action  of  TAD 
and  flavin  added  to  DR  eudda^a,  tha  latter  obtained  by  filtering  a  cul¬ 
ture  of  Cl.  kluyverl  (46)  j  ur  from  another  point  of  viaw,  it  could  alao 
be  raaaoned  that  potential  of  the  environment  was  strongly  attracted 
toward  the  atendard  potential  of  tha  buthanol  forming  ayatem. 
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The  Practical  Application 


of  C 


Here  are  given  atm  examples  of  the  use  of  the  GRP  in  the  fermen¬ 
tation  industry. 

For  instance  la  butbsnol  fermentation,  when  oora  maab  Is  scld- 
hydrolised  In  a  oopper  vessel,  the  existence  of  copper  ion  sustains  a 
high  QRP  level  idrLob  ia  unfavorable  to  fermentation.  It  is  therefore 
neaeaeaxy  to  add  powdered  Iron,  which  has  a  low  standard  potential,  in 
order  to  reduce  the  OR?  and  to  allow  normal  fermentation  to  occur  (47) . 
in  this  fermentation,  two  minima  are  experienced  in  the  culture  poten¬ 
tial,  and  it  has  been  pointed  out  (19)  and  also  proven  (6)  that  the  cul¬ 
ture  at  a  time  of  lov  potential  farm*  a  good  starter. 


The  QRP  of  grape  wine  during  the  course  of  fermentation  and  of 
the  final  product  has  bean  measured  and  studied  often  (48).  A  typical 
example  of  the  change  in  CRP  in  this  case  Is  as  follows  i  As  a  grape 
starts  tc.  ripen,  rH  -  22.7-23.0,  but  it  deollnee  to  18. 0-20.0  as  the 
fruit  ripe  an  (49).  When  the  grape  ia  oruabed,  the  contact  with  air  re¬ 
sults  ia  a  slight  increase  in  the  CR?  to  22.  At  the  stage  of  roughly 
mexjJLim  saooharlfloatlon,  the  potential  is  about  14,  and  this  drops  to 
.  a  mini  sum  of  about  7  at  the  point  of  maximum  fermentation  activity. 

At  the  and  of  fermentation,  the  value  rises  again  to  9,  and  It  jumps 
to  15  ss  the  vine  comes  into  contact  with  air  during  transportation, 
then  blended  with  brandy,  pasteurised,  and  cooled,  the  value  is  about 
18  to  20,  but  this  gradually  declines  during  storage  and  aging  (50). 

If  rH  should  rise  during  storage,  this  often  means  a  loss  of  color  or 
a  brownish  discoloration  and  the  development  of  murk  insea  from  suspended 
iron  rust.  »It  ia  aald  that  rH  ranges  between  16.0  end  21.5  for  a  qual¬ 
ity  product,  but  that  a  spoiled  product  will  smell  of  the  urine  of  ver¬ 
mins,  taste  strange,  and  the  value  of  rH  will  often  noted  23  (4),  • 
Therefore  In  order  to  keep  the  QRP  down,  asoorbio  sold  to  the  amount  of 
20  to  1  CO  mgA  I*  often  added  after  the  main  fermentation,  and  it  is  re¬ 
ported  that  thla  improves  both  the  bouquet  and  the  clearness  of  the  wins 
(51 ).  There  ia  also  a  patented  process  for  adding  pyroscsmic  acid- 
lactic  sold,  a  lov  standard  potential  redox  system,  for  aooalaratijag 
the  aging  (52).  There  la  also  a  report  cm  aerntloa  with  hydrogen  gas, 
vhioh  la  said  to  dearease  rH  by  5  units  down  to  about  16,  and  that  the 
bouquet  was  greatly  improved  upon  tasting  after  about  23  days  (53).  As 
Just  described.  It  oan  be  seen  that  the  GR?  can  be  used  as  a  guide  for 
tha  proper  management  and  control  of  the  fermentation  proa  see  as  well . 
as  for  improving  tbe  quality  of  the  end  product  or  promote  (34). 

.  In  staking  vdilaky,  it  has  bean  reported  that  the  CRP  leoraaaas 
during  storage  and  at  the  beginning  of  the  aging  process. 

With  bear,  tha  value  of  rH  drope  to  a  low  of  around  7  to  10  dur¬ 
ing  tha  stage  of  most  active  fermentation  (55).  Pollowlxg  this  period, 
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if  oars  i«  not  exercised,  rH  oan  riaa  to  about  16  to  17  end  cloudiness 
will  occur.  At  this  rH  level,  yeast,  particularly  wild  strains  grow 
wall  (56),  protein  oxidation  will  also  occur  and  con  tribute  to  the 
cloudiness.  It  is  also  said  that  the  so-called  "sunlight  odor"  will 
he  enhanced  if  rH  is  higher  than  13.  Another  report  states  that  the 
change  in  taste  due  to  pasteurisation  is  due  to  the  cccygen  concentra¬ 
tion  preceding  the  paetsuriaation,  and  that  this  deterioration  in 
taste  can  be  avoided  by  the  addition  of  a  reducing  agent  prior  to  the 
pasteurisation  process,  in  any  event,  it  is  important  to  avoid  contact 
with  air  as  much  as  possible  and  to  prevent  any  rise  of  -the  CUP.  At 
tbs  sans  tine,  one  suet  consider  not  only  the  value  of  rS  but  also  buf¬ 
fer:.  ng  of  tbs  potential,  that  is  a  beer  with  a  large  buffering  oapaoity 
is  d'sirsd.  The  reducing  power  of  the  beer,  Including  buffering  ca¬ 
pacity,  is  measured  by  the  indicator  Tine  Test  (abbreviated  ITT;  meas¬ 
urement  of  the  rate  of  reduction  with  a  high  standard  potential  dye 
added  to  the  subatrate).  With  a  carefully  produced  product,  ITT  is 
about  100  seconds,  but  with  poor  control  and  exposure  to  air,  ITT  oan 
sometimes  exceed  1,000  seconds.  Hark  beer  is  fairly  abundant  in  po¬ 
tential-buffering  matter,  and  upon  investigating  oxidation  react! one 
In  the  dark  beer  vhioh  apparently  do  not  alter  the  level  is  *=  10,  it 
was  found  that  an  activated  auger  with  a  standard  potential  of  around 
9  or  10,  which  sugar  la  produoed  during  the  processes  of  —><"g  wheat 
germ  and  also  salt  liquor,  combined  with  oQgen  to  become  the  oxygen 
source  for  the  yeast  (57).  It  ia  also  stated  that  an  emosee  of  this 
activated  auger  oan  result  in  the  precipitation  of  cya tains,  gluta¬ 
thione,  and  redact  oob. 

Ae  it  has  bean  previously  reported  in  this  journal,  attempt* 
are  being  made  to  utilise  CRF  in  the  management  of  fermentation  and  the 
end  product  in  the  brewing  of  Japanese  sake  or  rice  wins  (2).  Gen¬ 
erally  the  OB?  of  syntheaixed  wine  la  high  with  rS  about  18.5-21.0, 
while  the  rH  of  true  wine  la  somewhat  less.  With  new  rloe  wine,  rH 
ia  abort  11.0-13.5  before  pasteurisation,  with  the  value  rising  to 
about  15.5  to  17.0  after  «Lx  to  nine  months  after  pasteurisation,  m 
synthetic  wine  asking,  makera  are  allowed  to  Introduce  up  to  Sjt  in 
terms  of  rloe  of  yeeat  wort,  mesh,  and  rloe  vine,  but  quits  often  the 
bouquet  ohaagea  for  the  werae  after  this  addition.  This  can  be  jtm- 
vaated  by  OR?  control,  that  la,  ainoa  the  mixing  of  a  large  anoont  of 
high  GRP  synthetic  wine  with  a  small  amount  of  low  dtp  additives  would 
normally  result  in  a  sudden  change  in  the  «?  of  the  combined  gyaten 
end  e  simultaneous  deterioration  of  bouquet,  on*  can  consider  methods 
to  avoid  this  sudden  ohange  in  the  OR?  eueh  as  for  instance  blending 
the  two  after  the  synthetic  wine  has  fully  ^tursd. 

in  alcohol  fermentation,  it  ia  said  that  a  high  GR?  rednoes  the 
far  Dentation  activity  of  the  yeeat  end  the  alcohol  yield  (58).  gvea 
in  the  refining  of  alcohol  with  poteeel.ua  permanganate,  a  shady  has 
been  made  oa  the  ohange  in  at?  end  the  suitable  conditions  for  this 
prooeee  (2). 
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Although  this  is  not  true  fermentation,  a  study  has  been  done  on 
the  (HP  funotion  in  the  manufacture  of  blaolc  tea,  that  is,  the  functions 
of  various  components  during  the  oxidation  process  hare  been  investi¬ 
gated  (59). 

In  another  area  of  researoh,  work  is  being  undertaken  to  ctudy 
the  effect  of  antibodies  by  analysing  the  GBP  curve  of  cultures  of  die- 
eaee-oaualng  niaroorganlans.  The  curves  are  aaeuned  to  be  cheracter- 
letles  for  epeelflo  antibodies,  and  it  is  reported  that  sere  direct 
knowledge  pen  be  obtained  in  thia  then  through  cellular  neasure- 

aenta  (oO).  It  bee  also  been  reported  that  methylene  blue  enhances  the 
antibiotic  action  of  penicillin,  and  that  tha  addition  of  any  dye  with 
a  higher  or  lower  standard  potential  inhibits  thia  action,  so  that  now 
a  relationship  has  been  established  between  GRP  and  the  effectiveness 
of  penicillin  (61). 

With  respect  to  garmicidss,  the  effect  of  low  (HP  on  germicidal 
effect  hag  bean  argued  (62),  and  it  has  bean  pointed  out  that  tha  germi¬ 
cidal  effect  of  ohlarine  or  ahlorl dated  ooapounds  parallels  the  poten¬ 
tial  effeot  (63). 

10.  Conclusion 

Through  this  rather  brief  review  of  the  use  of  (HP  In  researoh 
on  farsentatlon,  one  can  see  that  we  have  Just  started  in  this  field  of 
investigation.  Sine?  oxidation  reduction  ia  the  principle  reaction  In 
faraaotation,  the  GRP  approach  to  inveatlgatlng  tha  energy  aataooliax 
in  f erase tati on  reaction*  and  the  aeohani®*  of  such  react! cos  would 
a  see  to  be  promising.  Within  the  freaework  of  GRP,  it  is  also  possi¬ 
ble  to  collets  the  inforaatlcn  oe  individual  redox  eye  teas,  and  to  ob¬ 
tain  a  ajnthetlo  plotur*  of  tha  entire  structure.  Baturelly  it  would 
be  quit*  questionable  to  nonehalantly  apply  our  aieple  knowledge  to  tha 
oonplas  ays teas  in  a  living  cell,  tut  at  tha  asms  tlaa,  our  efforta  suat 
be  la  this  direction.  With  respect  to  application  of  tbs  (HP  approach, 
there  are  without  doubt  easy  areas  of  research  which  have  not  yet  been 
touched,  sad  tha  author  hopes  that  the  reader  will  show  interest  1s  and 
undertake  researoh  ip  this  field. 
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